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Description 

Background of the Invention 
Field of the Invention 

The invention relates generally to devices for 
filtering emboli from biood circulating within a 
blood vessel and more particularly, to devices for 
vena cava filters inserted by the femoral vein 
approach. 

Description of the Prior Art 

The presence of emboli within the body's circu- 
latory system presents a serious health hazard 
which can often become life endangering, such as 
when an embolus travels Into the lungs (pul- 
monary embolus). Most commonly, these emboli 
are formed in the lower extremities, especially in 
patients suffering from phlebitis, patients 
recovering from surgery, and also non-ambulat- 
ory patients who must endure long periods of 
muscular inactivity. Blood dots or emboli that are 
formed in the lower extremities, such as the legs, 
must travel through the inferior vena cava in 
order to reach the heart, where the emboli are 
then pumped into the lungs becoming pulmonary 
embolisms. 

One technique used in the prior art which 
served to prevent emboli from traveling into the 
lungs and becoming pulmonary embolisms 
involves the ligation of the vena cava in order to 
block the passage of any emboli. This technique 
also prevents the flow of biood through the vena 
cava, thus requiring the development of collateral 
circulation to provide passageways for satis- 
factory blood circulation to the heart. Because of 
the many disadvantages inherent in performing 
the major surgery required for the ligation of the 
vena cava, other methods have been developed. 

One of the methods, disclosed In U.S. Patent 
No. 3,834,394 to Hunter et aL, involves a detach- 
able balloon attached to the distal end of a 
catheter. The balloon and catheter are inserted by 
making a surgical incision in one of the veins of 
the neck and then using the catheter to position 
the balloon within the inferior vena cava. Once 
detached, the balloon occludes the inferior vena 
cava entirely, thus preventing all biood flow. 
While this method avoids major surgery, it still 
requires a surgical incision to be performed. 
Further, since this method also requires total 
occlusion of the inferior vena cava r the patient is 
very weak until collateral circulation eventually 
develops around the balloon. Hopefully, by this 
time, the reason for the existence of an embolism 
problem has past Since this method requires the 
inferior vena cava to be entirely occluded, it is 
only used in extreme cases. 

Another method for preventing pulmonary em- 
bolisms, but which does not require total occlu- 
sion of the inferior vena cava, involves implanting 
a filter device constructed similar to the frame of 
an umbrella as a permanent implant within the 
inferior vena cava. Such a device is disclosed in 
U.S. Patent No. 3,540,431 to Mobin-Uddin. While 
the Mobin-Uddin device avoids total occlusion, its 



design does partially occlude the inferior vena 
cava, in addition, the Mobin-Uddin device does 
not avoid the disadvantages of the other previous 
methods in that it still requires a small incision to 

s be made in the jugular vein and passage of the 
filter through the heart in order to be positioned 
within the Inferior vena cava. This device, there- 
fore, suffers the inherent disadvantages asso- 
ciated with a jugular vein approach, partial occlu- 

w sion of the inferior vena cava and surgery. 

Experience with devices similar to those dis- 
closed above has demonstrated the desirability of 
a device which would not only serve to trap the 
migration of emboli but which would also not 

is obstruct caval blood flow at any time, thus 
eliminating the requirement of collateral circu- 
lation. Ideally, the device should be constructed in 
order that it may be implanted by a femoral 
approach, as opposed to a more difficult jugular 

20 vein approach. Additionally, the device should 
not create additional emboli and should be cap- 
able of relatively secure anchoring at the desired 
body location within the blood vessel. 
U.S. Patent No. 3,952,747 to Kimmel discloses a 

25 blood vessel filter and filter insertion instrument 
which overcomes some of the disadvantages of 
the previous references. The Kimmei reference 
discloses a method which allows the filter to be 
inserted by a femoral approach, although this 

so method still requires surgery in order to effect 
insertion. The device disclosed in the Kimmel 
reference uses a filter comprised of a plurality of 
wire legs in a generally conical array and joined at 
their convergent ends to an apical hub* The wire 

as legs each include a plurality of bends inter- 
mediate along their length which decrease the 
solids by-pass capability of the filter without sub- 
stantially occluding the blood vessel. Thus, the 
Kimmei reference discloses a blood clot filter 

40 which avoids the collateral circulation require- 
ment inherent tn the previous devices and the dis- 
advantages associated with a Jugular or other 
neck vein approach. 
The fitter disclosed In the Kimmel reference, 

46 however, still suffers certain disadvantages. One 
disadvantage, which is inherent in the conical 
design of the filter. Is that the anchoring means 
must be placed at the divergent ends of the wire 
legs in order to securely anchor the device within 

so the blood vessel. As a result, the divergent ends 
of the wire legs must be substantially collapsed 
and sheathed in order for the filter to be inserted 
within the blood vessel, and a fairly complicated 
means must be used to unsheath the filter for 

ss implantation within the blood vessel. Thus, the 
filter disclosed in the Kimmel reference cannot be 
Inserted within a blood vessel using normal per- 
. cutaneous catheterization techniques. In order to 
use the filter disclosed in the Kimmel reference, it 

so is necessary to perform a venotomy or incision of 
the blood vessel, for its Insertion therein. Further, 
once insertion within the blood vessel is effected, 
a syringe type ejection means is required in order 
to be able to unsheath the filter for implantation. 

ss Driller et al. (Medical and Biological Engineer- 
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Ing, Vol. 14, No. 6, November 1976, pages 
629--635) describes en inferior-vena-cava filter 
- consisting of a number of barbed strands of 
spring-tempered stainless steel, joined together 
at a hub. This filter Is adapted to be introduced 
into the vein by a catheter using a wire guide. 
Although the open conical network of the filter 
functions as a sieve to trap emboli whilst permit- 
ting blood flow, tests on dogs resulted fn throm- 
bus formation on the hub. 

Other references which disclose devices pro- 
viding partial or total occlusion of a blood vessel 
in order to prevent emboli from reaching the 
lungs are U.S.P. 3,334,629 to Cohn and U.S.P. 
3,795,246 to Sturgeon. 

The device disclosed in the present Invention 
overcomes the disadvantages associated with the 
prior art by employing a non~occiuslve filter 
which is designed to be inserted using normal 
percutaneous catheterization techniques com- 
bined with a femoral approach. Thus, the need for 
surgery is totally obviated as well as the need for 
a syringe, such aa disclosed In the Kimrnel ref- 
erence. A further improvement offered by the 
filter of the present invention and not found in any 
of the previous references involves its wire mesh 
design. The wire mesh design permits the filter to 
become firmly attached not only at the initial 
anchor points at the ends of the wires, but also 
along portions of wire lengths which directly abut 
the intimai wall of the blood vessel. The contact of 
the filter against the vessel wall along these 
portions permits endothelization and fibrotic 
encasement of the filter to the intimai wail surface 
to an extent not previously attainable using pre- 
vious designs. 

Accordingly, it is an object of the present inven- 
tion to provide a blood dot filter which may be 
implanted using normal percutaneous catheter 
techniques combined with a femoral approach. 

It is a further object of the present invention to 
provide a blood clot filter which is designed to be 
placed within the inferior vena cava, wail below 
the renal veins. 

It is a yet further object of the present invention 
to provide a blood clot filler which will not 
obstruct blood flow within the blood vessel at any 
time. 

it is a still further object of the present invention 
to provide a blood clot filter which wilt not create 
additional emboli after implantation. 

An additional object of the present invention to 
provide e blood clot filter which is capable of 
being securely anchored within the blood vessel. 

These and other objects and advantages of the 
present invention will become more apparent in 
the following figures and detailed description. 

Summary of the Invention 

The present invention provides e blood clot 
filter for positioning within the fluid passageway 
of a blood vessel In a human body. The blood dot 
filter comprises a shape memory wire capable of 
assuming two functional positions. In Its first 
position the wire is substantially straightened to 
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permit retention of the filter in the lumen of an 
angiography catheter. In Its second position the 
wire is substantially contracted along its length in 
order to form a curly wire mesh. The potential 
s energy which is stored in the wire in its straigh- 
tened position is suffident to force the wire in its 
contracted position into urging contact with the 
Intimai wall of a blood vessel at a multiplicity of 
contact points. The contact of the wire of the filter 
to with the intimai wall of the blood vessel aids in 
the anchoring of the filter at a predetermined 
body location within the blood vessel and also 
encourages endothelization and fibrotic encase- 
ment at the contact points. The wire has a suf- 
15 ficiently small diameter to prevent substantial 
ocdusion of the blood vessel when the filter is 
implanted. The blood clot filter further comprises 
anchoring means on said wire for anchoring said 
filter at a determined body location within said 
20 blood vessel said anchoring means including a 
plurality of sharp projections for penetrating into 
said intimai wall of said blood vessel. 

Brief Description of the Drawings 
25 RG. 1 is a fragmentary elevation view of the 
blood clot filter of the present invention in a 
totally straightened position. 

FIG. 2 is an elevation view of the blood clot filter 
of the present invention in a partially straightened 
30 position. 

FIG. 3A is an enlarged detail view of one of the 
two forward anchoring means in the blood clot 
filter of the present Invention. 
FIG. 3B is an enlarged detail view of one of the 
3S two rearward anchoring means in the blood clot 
filter of the present invention. 

RG. 4 is an enlarged fragmentary perspective 
view which Illustrates how the wire guide is 
attached and detached from the blood clot filter in 
40 order to effect implantation of the blood clot filter 
within a body blood vessel, such as the inferior 
vena cava. 

FIG. 5 is a fragmentary view of the wire guide 
handle. 

45 FIG. 6 is a fragmentary view, partially in section, 
of the cartridge catheter. 

FIG. 7 is a fragmentary view of the catheter 
sheath. 

FIG. 8 is a fragmentary view of the dilator. 
so FIGS. 9—1 6 are diagrammatic views illustrating 
various steps in performing a catheterization of 
the inferior vena cava using the clot filter 
assembly of the present invention to implant the 
blood dot filter therein. 
66 RG. 17 is a perspective view of a portion of the 
inferior vena cava and having a section removed 
to show the configuration of the blood clot filter in 
its implanted and anchored position within the 
inferior vena cava. 

60 

Description of the Preferred Embodiment 

For the purposes of promoting an understand- 
ing of the principles of the Invention, reference 
will now be made to the embodiment illustrated 
66 in the drawings and specific language will be 
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used to describe the same. However, this embodi- 
ment is described by way of example only. 

Referring now to the drawings, FIGS. 1 and 2 
show the Wood clot filter of the clot filter 
assembly of the present invention generally 
designated at 10. Filter 10 Is shown In a totally 
straightened position in FIG. 1 with its wire 
strands slightly spaced apart so that the construc- 
tion of filter 10 may be more clearly seen. FIG. 2 
shows filter 10 in a partially straightened but also 
somewhat curled position. It should be under- 
stood that filter 10 would normally assume the 
shape of a curly wire mesh unless external forces 
are employed to straighten the wire strands. It is 
also to be understood that filter 10 would be pro- 
vided to the physician In a prepackaged assembly 
additionally including a cartridge catheter and a 
wire guide handle, both of which will be more 
fully described herein. 

Filter 10 includes six strands of stainless steel 
wire which are connected to each other in the 
following manner. Innermost strands 11 and 12 
are mutually attached at both ends by crimps 13 
and 14w Innermost strands 11 and 12 are approxi- 
mately 25 centimeters In length and are made 
from .007 Inch (.018 cm) diameter coil wire. Outer- 
most strands 15 and 16 are located oppositely of 
Innermost strands 11 and 12 and are each con- 
nected thereto at both ends by wire strands 17 
and 18. Outermost strands 15 and 16 are approxi- 
mately 38 centimeters in length and are made 
from .007 Inch (.018 cm) diameter coil wire. Wire 
strand 17 serves to connect outermost strands 15 
and 16 with innermost strands 11 and 12 at the 
distal end of filter 10. in a similar manner, wire 
strand 18 connects outermost strands 15 and 16 
with innermost strands 11 and 12 at the proximal 
end of filter 10. Wire strand 17 is secured to outer- 
most strands 15 and 16 by crimps 21 and 22, 
respectively and to Innermost strands 11 and 12 
by crimp 13. In a similar fashion, wire strand 18 Is 
secured to outermost strands 15 and 16 by crimps 
19 and 20, respectively, and to Innermost strands 
11 and 12 by crimp 14. Wire strands 17 and 18 are 
approximately 10 centimeters in length and are 
made from .010 inch (.025 cm) diameter stainless 
steel coil wire. Crimps 19—22 are made from 3 
mm of 22 GTW cannula while crimps 13 and 14 
are made from 3 mm lengths of 19.5 GTW 
cannula. Innermost strands 11 and 12, and outer- 
most strands 15 and 16 are made from a shape 
memory material, such as spring temper stainless 
steel. 

During manufacture, wire strands 1 1, 12, 15 and 
16 are curled in different directions and wadded 
together to form a curly wire mesh. Because of 
their shaped memory construction, innermost 
strands 11 and 12 and outermost strands 15 and 
16 may be straightened out at their ends substan- 
tially as shown in FIG. 1 for loading into the lumen 
of a Teflon angiography catheter cartridge, it may 
be noted that once loaded within the catheter, the 
spring bias inherent within the wire strands will 
cause some curling thereof. Further curling Is, of 
course, restrained by the intlmal wall of the 
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catheter cartridge. Thus, it is the spring bias 
inherent in the shape memory construction which 
allows filter 10 to expand radially outward as 
innermost wire strands 11 and 12 and outermost 
6 wire strands 15 and 16 contract along their 
lengths upon Insertion in a body blood vessel, as 
will be more fully explained herein. 

Means for anchoring fitter 10 within a body 
blood vessel, such as the inferior vena cava, is 
w generally designated at 24 and 25, the details of 
their construction being more clearly understood 
by reference FIGS. 2, 3A and 3B. It is to be under- 
stood that anchoring means 24 is located at the 
rearward end of both wire strands 15 end 16, 
is while anchoring means 25 is located at the for- 
ward end of both wire strands 15 and 16. Anchor- 
ing means 24 differs from anchoring means 25 
due to the presence of a barb 30 whose purpose 
will become fully apparent hereinafter. In the pre- 
20 ferred embodiment, the anchoring means 24 and 
25 at the ends of outermost wire strand 15 are 
longitudinally staggered from the corresponding 
anchoring means 24 and 25 at the ends of outer- 
most wire strand 16. This permits the easy load- 
25 Ing of filter 10 within the lumen of a catheter 
cartridge such as will be more -fully described 
herein. 

Referring particularly to FIGS. 2 and 3B, the 
details of construction of the rearward anchoring 
30 means 24 will now be described. It is to be under- 
stood that while only the rearward anchoring 
means 24 at the end of outermost wire strand 15 
is described, the rearward anchoring means 24 at 
the end of outermost wire strand 16 is of a similar 
35 construction. It is seen that rearward anchoring 
means 24 includes a length 26 of outermost wire 
strand 15 located at the rearward end thereof. 
Length 26 is approximately one centimeter in 
length and has a sharp end point 27 which is 
40 meant to enter the wall of a blood vessel in the 
manner shown in FIG. 3B. In order to prevent too 
deep penetration of anchoring means 24 through 
the blood vessel, e loop 28 of wire formed from 
wire strand 18 is positioned adjacent length 26. 
45 Loop 28 extends approximately 7 mm along 
length 26, crimp 19 serving to secure the end of 
loop 28. 

It is to be understood that there are two forward 
anchoring means 25 at the forward end of filter . 
so 10. As previously mentioned, forward anchoring 
means 25 is of a similar construction to anchoring 
means 24 except that a barb 30 is received over 
the end length of wire corresponding to length 26 
of anchoring means 24. The purpose of barb 30 is 
55 to provide a more secure anchor at the down 
stream end of filter 10 and thereby ensure long 
term patency of the filter. Barbs 30 are secured to 
the forward ends of the outermost wire strands 1 5 
and 16 by soldering. FIG* 3A shows the construe- 
so tion of one of the two barbs 30 In detail. Each of 
the barbs 30 have a lancet bevelled portion 31 
which faces outwards of filter 10 and a hooked 
portion 32 at the inwards facing end. Hooked 
portion 32 serves to prevent barb 30 from be- 
es coming dislodged from the body blood vessel 
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once penetration thereof has been made. Each of 
the barbs 30 Is constructed from 6 mm of ,028 
" inch (.071 cm) diameter cannula. 

Referring again to FIG. 2, wire strand 18 is 
shown having a zig-zag 34 therein which is 
located approximately 7 mm rearward of crimp 
14. The purpose of zig-zag 34 will become more 
clear by reference to FIG. 4 which shows zig-zag 
34 and the distal portion 35 of wire guide handle 
38 immediately adjacent thereto. As seen in FIG. 
4, zig-zag 34 permits the attachment of wire guide 
handle 36 for remote-controlled movement of 
filter 10. Wire guide handle 38 is mede from a 
length of .018 inch (.046 cm) diameter mandral 
wire. As seen in FIG. 5, the proximal end of wire 
guide handle 36 forms a handle portion 37 which 
facilitates rotation of wire guide handle 36, while 
the distal portion 35 consists of a helically formed 
length of .010 inch (.025 cm) wire coil. Distal 
portion 35 is made by merely extending or 
stretching in a longitudinal direction the distal 
portion 35 of wire guide handle 36 which has a 
conventionally known helical construction. The 
innermost end 37a of distal portion 35 is then 
silver soldered for additional strength. The 
stretched distal portion 35 of wire guide handle 36 
may then be screwed on to wire strand 18 for 
attachment thereto at zig-zag 34 by clockwise 
rotation of wire guide handle 36. In order to con- 
trol depth of body insertion of wire guide handle 
36, sutures such as seen at 38 may be tied thereto 
at measured locations. 

It is easily perceived that once distal portion 35 
of wire guide handle 36 has been attached to wire 
strand 18 at zig-zag 34* It Is possible to move wire 
strand 18 and thus also filter 10 longitudinally by 
merely pushing or pulling on wire guide handle 
36. Also, In order to disattach wire guide handle 
36 from filter 10 it is only necessary to unscrew 
distal portion 35 of wire guide handle 36 from zig- 
zag 34 of wire strand 18 by counter-clockwise 
rotation. Zig-zag 34 is formed by double bending 
wire strand 18 so that zig-zag 34 extends substan- 
tially perpendicular to the length of filter 10. 

FIGS. 6—8 depict the cartridge catheter 40, 
sheets 50, and dilator 60 of the dot filter assembly 
of the present Invention. RG. 6 shows cartridge 
catheter 40 including a tubular portion 41 which Is 
approximately 40 centimeters in length and Is 
made from 8.0 French size Teflon tubing having 
an outer diameter of .105 Inch (.267 cm) and an 
inner diameter of .073 Inch (.185 cm). Tubular 
portion 41 Is connected to a rear assembly which 
includes coupling member 43, side port fitting 44 
and cap 45. Frtting 44 is externally threaded at 
both ends far attachment to coupling member 43 
and cap 45. Coupling member 43 has an internally 
threaded portion along its forward end which 
permits coupling to the distal end of sheath 50 in 
a manner which will be described more fully 
herein. Cap 45 includes a latex washer 47 which 
permits cartridge catheter 40 to be firmly held In 
place over wire guide handle 36, the purpose of 
which will become apparent later. This Is accom- 
plished by tightening cap 45 onto side port fitting 



44 so as to compress latex washer 47 against wire 
guide handle 36. 

Referring now to FIG. 7, sheath 50 is shown to 
indude a tubular portion 51 which is fixedly 

s attached to connector cap 52. Connector cap 52 
includes a male coupling means which consists of 
a collar 53 which serves to permit coupling 
between sheath 50 and either cartridge catheter 
40 or dilator 60. Sheath 50 has a lumen 54 therein 

io which extends along the entire length of sheath 
50. Tubular portion 61 is approximately 37.5 cm In 
length and is made from 8.5 French size sheathing 
having an outer diameter of .133" (0.338 cm) and 
an inner diameter of .113" (0.287 cm). 

16 Referring now to FIG. 8, dilator 60 Is shown 
including a tubular portion 61 which Is fixedly 
attached at its proximal end to connector cap 62. 
Connector cap 62 is of similar construction to con- 
nector cap 52 of sheath 50, and no further expla- 

20 nation of its construction is necessary. Tubular 
portion 61 has a dilator tip 63 which extends 
• approximately .8 cm rearwards from the distal 
end of dilator 60 and serves to facilitate the Intro- 
duction of sheath 50 within a body blood vessel in 

26 performing a catheterization. Tubular portion 61 
Is approximately 41 cm In length and is made 
from 8.0 French size Teflon tubing. Tubular por- 
tion 61 has an outer diameter of ,105" (.267 cm) 
and an Inner diemeter of ,073" (0.185 cm), except 

30 along the length of dilator tip 63 which Is, of 
course, gradually smaller as it approaches the 
distal end of dilator 60. 

In order to use the clot filter assembly of the 
present invention filter 10, wire guide handle 36 

35 and cartridge catheter 40 are provided to the 
physician preassembled as follows. Filter 10 and 
wire guide handle 36 are attached in the manner 
previously described end filter 10 is loaded within 
the lumen of cartridge catheter 40. Loading filter 

40 10 inside cartridge catheter 40 is accomplished by 
first straightening the innermost strands 11 and 
1 2 and outermost strands 15 and 16 of filter 10. Of 
course, filter 10 will contract slightly within the 
lumen of cartridge catheter 40 as it is loaded 

48 therein, however, the lumen of cartridge catheter 
40 Is sufficiently small to force wire strands 11,12, 
15 and 16 of filter 10 to retain a substantially 
straight orientation. 
FIGS. 9—16 illustrate the steps involved in 

50 using the clot filter assembly of the subject inven- 
tion. In order to place and anchor filter 10 within 
the inferior vena cava 65 r a percutaneous 
catheterization is performed in the normal 
manner, the initial insertion being effected with a 

55 hollow thin wall needle and wire guide using a 
femoral approach. The needle and wire guide 
may be of any conventionally known and suitable 
type, it being understood that no further descrip- 
tion of their construction is necessary for those 

eo skilled in the art. Then, with tubular portion 61 of 
dilator 60 inserted within the lumen of sheath 50 
and connector cap 62 threadingty coupled over 
collar 53 of sheath 50, the sheath and dilator com- 
bination is inserted within the femoral vein 66. 
65 Once sheath 50 and dilator 60 are properly in- 
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serted, the dilator and initial wire guide are 
removed. Cartridge catheter 40, along with filter 
/ 10 and attached wire guide handle 36, is then 
inserted wfthin the lumen of sheath 50 until coup- 
ling member 43 is threadabiy coupled over collar 
53 of sheath 50. As depicted in FIG. 9, sheath 50 
and cartridge catheter 40 are thereafter passed 
under fluoroscopic control to a desired position 
approximately 1 cm above the renal veins 67 and 
68. Cartridge catheter 40 should be filled with 
radiopaque medium by injection through side 
port fitting 44, this being done for visualization 
purposes. Cap 45 is then unscrewed until wire 
guide handle 36 is loosened for longitudinal 
movement withfn lumen of cartridge catheter 40 
(FIG. 10). Thereupon, as depicted in FIG. 11, and 
with wire guide handle 36 being held in place, car- 
tridge catheter 40 is pulled rearwardly approxi- 
mately 4 cm, thereby exposing the two barbs 30. 
In order to seat the barbs within the inferior vena 
cava wall, cartridge catheter 40 and wire guide 
handle 36 are sharply advanced (FIG. 12) as a unit 
1 to 2 cm. It has been found that 2 or 3 such Jab- 
like movements will assure firm seating. 

Referring now to FIG. 13, after the barbs 30 are 
firmly secured, cartridge catheter 40 is withdrawn 
approximately 8 cm while wire guide handle 36 is 
held firmly In place. This places the distal end of 
cartridge catheter 40 well below renal veins 67 
and 68 and In a position from which the remain- 
ing portions of filter 10 may be fed Into a position 
within the Inferior vena cava befow the renal 
veins. 

As seen In FIG. 14, the next step requires wire 
guide handle 36 to be advanced as far as it will go, 
i.e. up to the first right angle bend of handle 
portion 37, while firmly holding cartridge catheter 
40 in place. This movement feeds the remaining 
portions of filter 10 into the inferior vena cava 65. 
Once filter 10 fs fully positioned within the inferior 
vena cava, the rearward anchoring means 24 (FIG. 
15} are seated by sharply pulling back cartridge 
catheter 40 and wire guide handle 36 as a unit, 
approximately 1 — 2 cm. 

it is to be appreciated that due to the potential 
energy stored within wire strands 11, 12, 15 and 
16 in their substantially straightened position 
within cartridge catheter 40, filter 10 contracts 
longitudinally and at the same time expands 
radially to encompass the entire blood passage- 
way of the Inferior vena cava 65. Further radial 
expansion is, of course, restricted by the intimal 
wall of the inferior vena cava. 

After it has been determined that filter 1 0 is suc- 
cessfully implanted within the inferior vena cava, 
it is necessary to separate wire guide handle 36 
from filter 10. As depicted In FIG. 16, this is 
accomplished by turning wire guide handle 36 
approximately 20 revolutions to unscrew it from 
filter 10. Separation can usually be identified by 
fluoroscopy. If the stretched distal portion 35 
catches on any of the wire strands of filter 10, it is 
only necessary to continue counter-clockwise ro- 
tation as wire guide handle 36 is withdrawn in 
order to free it. 
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FIG. 17 show filter 10 In Its longitudinally con- 
tracted and radially expanded position within the 
inferior vena cava of a human body. It is to be 
noted that in this position filter 1 0 is in the shape 
s of a curly wire mesh with spaces therethrough no 
larger than 3-«4 mm. Also, due to the relatively 
smalt diameters of the wire strands, filter 10 
occupies only a minimal portion of the cross- 
sectional area of the blood vessel passageway. 
io Thus, filter 10 does not substantially occlude the 
blood vessel passageway. Also, barbs 30 extend 
into the intimal wail of the inferior vena cava in 
such fashion so as to firmly anchor filter 10, 
thereby ensuring long term patency. 
is In addition to the anchoring points at barbs 30, 
FIG. 17 also shows filter 10 fn urging contact with 
the intimal wall 70 of the inferior vena cava 65 at 
innumerable other points along the lengths of 
various portions of the wire strands of filter 10. 
20 ' Initially, these points of urging contact do not 
provide sufficient anchoring to ensure patency of 
filter 10, thus requiring the anchoring means pro- 
vided by barbs 30. However, after several weeks 
endothelization and fTbrotic encasement occurs at 
26 the points where the wire mesh of filter 10 abuts 
the intimal wall of the inferior vena cava, and the 
likelihood of permanent patency is thereafter 
greatly increased. 
While the foregoing description applies to the 
ao insertion of filter 10 in the inferior vena cava of a 
human body using a femoral approach, it is to be 
understood that the device of the subject inven- 
tion may be used with different techniques such 
as a jugular approach. The device of the subject 
36 invention may also be used to effect the filtering 
of emboli or other obstructions from blood ves- 
sels other than the inferior vena cava. Of course, 
the size and shapes of various elements described 
herein would have to be varied In order to accom- 
40 plish such other techniques or uses, but such 
variations as may be necessary would be well 
within the skill of those knowledgeable in the art 

Claims 

45 

1. A blood clot filter (10) for positioning within 
the fluid passageway of a blood vessel in a 
human body, comprising: 
a shape memory wire contractibie from a first 
60 position wherein said wire Is substantially 
straightened to permit insertion of the filter within 
the lumen of an angiography catheter (40), and 
wherein the wire stores sufficient potential 
energy to force said wire into a second position in 
ss which It is In urging contact with the intimal wall 
of said blood vessel at a multiplicity of contact 
points, thereby aiding the anchoring of said filter 
at a desired body location within said blood 
vessel and encouraging endothelization and fib- 
60 rotic encasement at said contact points, said wire 
having a sufficiently small diameter to prevent 
substantial occlusion of said blood vessel when 
said filter is implanted therein; and 
anchoring means (24, 25) on said wire for 
ss anchoring said filter at a determined body loca- 
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tion within said blood vessel, said anchoring 
means Including a plurality of sharp projections 
(27, 30) for penetrating into said intimel wall of 
said blood vessel, 

characterised in that in said second position the 
wire is contracted along its iength to form a curly 
wire mesh. 

2. A blood clot filter according to ciaim 1, 
characterised by introduction means (34) integral 
with said wire for facilitating the introduction of 
said wire into said blood vessel through the 
lumen of said catheter (40). 

3. A blood clot filter according to claim 1 or 
claim 2, characterised in that said projections (27, 
30) are positioned at opposite ends of said filter 
(10). 

4. A blood clot filter according to claim 3, 
characterised in that said anchoring means (24, 
25) includes four projections (27, 30), two each 
positioned at opposite ends of said filter, said 
projections longitudinally staggered at each end 
to facilitate loading of said filter within said 
catheter. 

5. A blood dot filter according to any preceding 
claim, characterised fn that said wire Includes a 
plurality of strands (11 P 12, 15, 16). 

6. A blood clot filter according to claim 5, 
characterised in that said wire includes four or 
more strands. 

7. A blood clot filter according to claim 6, 
characterised in that each strand (11, 12, 15, 16) is 
connected at both ends to at least one other 
strand (17, 18) and a plurality of said strands are 
connected at at least one intermediate point (13, 
14) along their lengths. 

8. A blood clot filter according to claim 7, 
characterised In that each of the two said projec- 
tions at the forward end of said filter include a 
barb (30) sharpened at both ends. 

9. A blood clot filter according to claim 8, 
characterised in that said barbs (30) have a length 
which is less than 1 cm. 

10. A blood clot filter according to ciaim 2, 
characterised in that said introduction means is a 
zig-zag (34) in said wire, said zig-zag providing s 
surface substantially perpendicular to the length 
of said wire when said wire is in its first position, 
thereby permitting said filter (10) to be urged 
longitudinally through the lumen of said catheter 
(40) for positioning in said blood vessel. 

11. A blood clot filter according to claim 9, 
characterised in that said wire is made of tem- 
pered stainless steel. 

12. A blood clot fitter according to claim 10, 
characterised in that said wire has a diameter 
which is less than .01 5 inches (.038 cm). 

13. An assembly for performing a catheteriza- 
tion of a blood vessel in a human body in order to 
filter emboli from blood circulating through said 
blood vessel, said assembly comprising: 

a catheter (40) sized to be received within the 
passageway of said blood vessel and inserted 
therein over a wire guide (36); 

a blood clot filter (10); and 

said wire guide (36) having a diameter sized to 



permit said wire guide to be received through the 
lumen of said catheter (40), said wire guide 
including means for urging said filter out of an 
end of said catheter and into a determined body 
6 location within the passageway of said blood 
vessel 

characterised in that said blood clot filter (10) is 
a filter according to any preceding claim. 

14. An assembly according to claim 13, further 
to characterised by a dilator (60) including a tubular 

portion (61) having a lumen therethrough, said 
tubular portion having a tip portion (63) of 
narrowing cross-section for dilating said blood 
vessel in order to permit the subsequent insertion 
is of said catheter (40). 

15. An assembly according to claim 14, further 
characterised by: 

a catheter sheath (50) having a lumen (54) 
therethrough and sized to be received over said 
20 tubular portion (61) of said dilator (60), said 
catheter sheath lumen being sized to receive said 
catheter (40). 

16. An assembly according to claim 13, charac- 
terised in that said wire guide (36) is helically 

25 formed, and said urging means is a stretched 
helical portion (35) of said wire guide located at 
one end thereof and which is stretched relative to 
the remaining portion of said wire guide. 

ao Patents nspruche 

1. Filter (10) fOr Blutgerinnsei zur Positionierung 
im Fluiddurchgang eines BlutgefSBes in einem 
menschiichen Korper, der aufweist: 

35 einen Draht mit Formrnemory-Verhalten, der 
aus einer ersten Position, in der der Draht im 
wesentlichen geradegestreckt ist, um den Filter in 
den Hohlraum eines Anglographie-Katheters (40) 
einzuffihren, sich zusammenziehen kann, wobai 

40 der Draht ausreichend potentielle Energie spei- 
chert, um den Draht in eine zweite Position zu 
zwingen, in der er in Andruckkontakt mit der 
tnnenwand des BlutgefaSes in einer Vielzahl von 
Kontaktstellen ist wodurch die Verankerung dee 

4s Filters an einer gewunschten Kdrperstelle in dem 
BlutgefaB unterstOtzt und eine Endothelieatlon 
und ein fibrotlscher EinschiuB an diesen Kontakt- 
stellen angeregt wird, und wobei der Draht einen 
ausreichend kleinen Durchmesser hat, um eine 

bo nennenswerte Okkluslon des Blutgef asses zu ver- 
hindern, wenn der Filter in diesem impiantiert ist, 
und 

Verankerungselnrichtung (24, 25) an dem Draht 
zur Verankerung des Filters an einer vorbe- 

sb stimmten Kdrperstelle im BlutgefaS, wobei die 
Verankerungselnrichtung eine vielzahl von schar- 
fen VorsprOngen (27, 30) enthilt, die in die tnnen- 
wand des BlutgefaSes eindringen, dadurch 
gekennzelchnet, daft in der zwerten Position der 

BO Draht langs seiner Langserstreckung zusammen- 
gezogen wird, um ein gekrdusaltes Drahtgeflecht 
zu bilden. 

2. Filter fQr Blutgerinnsei nach Anspruch 1, 
gekennzelchnet durch eine ElnfOhrungseinrich- 

65 tung (34), die einzetlig mit dem Draht ausgelegt 
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1st, urn das EmfOhren des Drahtes in das BtutgefSB 
durch den hohlen Innenraum des Katheters (40) zu 
/ erleichtern. 

3. Filter fflr BlutgerinnseE nach Anspruch 1 oder 
2, dadurch gekennzelchnet daft die VorsprQnge 
(27,30) an gegenOberliegenden Enden des Filters 
(10) angeordnet sind. 

4. Rlter fur Blutgerinnsel nach Anspruch 3, 
dadurch gekennzelchnet, daB die Verankerungs- 
einrichtungen (24, 25) vier Vorsprunge (27, 30) 
enthalten, von den en zwei j swells an den gegen- 
Oberliegenden Enden des Filters angeordnet und 
diese Vorsprunge In Langsrichtung an Jedem Ende 
versetzt angeordnet sind, um das Efnbringen des 
Filters in den Katheter zu erieichtern. 

5. Filter ftir Blutgerinnsel nach einem der 
vorangehenden AnsprUche, dadurch gekenn- 
zeichnat daB der Draht eine Mehrzahl von Strfin- 
gen (11, 12, 15, 16} umfaBt. 

6. Filter fOr Blutgerinnsel nach Anspruch 5, 
dadurch gekennzelchnet, dafi der Draht vier oder 
mehr Strange umfaBt 

7. Filter fur Blutgerinnsel nach Anspruch 6, 
dadurch gekennzelchnet, daG jeder Strang (11,12, 
15, 16) an beiden Enden mit wenigstens einem 
anderen Strang (17, 18) verbunden Ist und daB 
eine Mehrzahl von Strangen an wenigstens einem 
Zwfschenpunkt (13, 14) lings ihrar Langser- 
streckung verbunden sind. 

8. Rlter fur Biutgerinnsei nach Anspruch 6, 
dadurch gekennzeichnet, daB jede der beiden Vor- 
sprunge am vorderen Ende des Filters einen 
Widerhaken (30) enthalten, der an beiden Enden 
scharf ist. 

9. Rlter fur Blutgerinnsel nach Anspruch 8, 
dadurch gekennzelchnet, daB die Wfderhaken (30) 
efne L&nge haben, die klefner als 1 cm ist 

10. Filter fflr Blutgerinnsel nach Anspruch 2, 
dadurch gekennzeichnet, daB die Einfuhrungsetn- 
richtung ein Zickzackteil (34) im Draht 1st und daB 
das Zickzackteil eine Flache biidet die im wesent- 
lichen senkrecht zur Langserstreckung des Drah- 
tes ist, wenn der Draht sich In seiner ersten 
Position befindet wodurch ermdglicht wird, daB 
der Rlter (10) in LSngsrichtung durch den Innen- 
raum des Katheters zur Positionierung im Blut- 
gefa/5 gedrOckt wird. 

11. Filter fur Biutgerinnsei nach Anspruch 9, 
dadurch gekennzeichnet daB der Draht aus 
wSrmebehandeltem rostfreiem Stahl hergestellt 
ist. 

12. Filter fur Blutgerinnsel nach Anspruch 10, 
dadurch gekennzeichnet, daB der Draht einen 
Durchmesser hat, der kleiner als 0,015 inch (0,038 
cm) ist 

13. Anordnung zum DurchfOhren elner 
Katheterislerung eines BlutgefSBes in einem 
menschlichen Kdrper, um Emboli aus dem durch 
das BlutgeffiB zirkuJierenden Blut auszufiltern, 
wobel die Anordnung aufweist: 

einen Katheter (40), derderart bemessen 1st, daB 
er in dem Durchgang des Bfutgefafces aufge- 
nommen werden kann und tiber einen FOhrungs- 
draht (36) in dasselbe slnfQhrbar ist, 

einen Filter (10) fOr Blutgerinnsel, und 



der FOhrungsdraht (36) einen so groSen Durch- 
messer hat, daB ermdglicht wird, daB die Draht- 
fOhrung in dem Innenraum des Katheters (40) 
aufgenommen ist, und wobel die Drahtfuhrung 

5 Einrichtungen enthllt, dfe den Filter aus slnern 
Ende des Katheters herausdrOcken und in die 
vorbestimmte Kdrperstetle in dem Durchgang des 
Blutgeflftes bringen, dadurch gekennzeichnet, 
daB der Filter (10) fOr Blutgerinnsel ein Rlter nach 

to einem der vorangehenden Anspruche ist 

14. Anordnung nach Anspruch 13, die sichfemer 
durch einen Dilator (60) auszeichnst, der einen 
Rohrabschnitt (61) mit einem durchgehenden 
Hohlraum enthdlt, und daB der Rohrabschnrtt 

is einen spitzen Absch nitt (63) mit schmalerem Quer- 
schnitt hat, um das BtutgefiS zu erweitern, so daB 
im AnschiuB da ran das Einfuhren des Katheters 
(40) mdglich ist 

15. Anordnung nach Anspruch 14, femer 
20 gekennzeichnet durch: 

eine KatheterumhOllung (50), die einen sis 
durchsatzanden Hohiraum (54) hat der derart 
bemessen ist, daB er auf dem rohrfdrmigen Ab- 
schnttt (61) des Dilators (60) aufgenommen ist 
25 wobei der Innenraum der Katheterumh til lung so 
. bemessen tst daB er den Katheter (40) aufnimmt 

16. Anordnung nach Anspruch 13, dadurch 
gekennzelchnet! daB die DrahtfOhrung (36) spiral- 
f6rmig ausgebildet ist und daB die DrQckeinrich- 

50 tung ein gestreckter splraiforrniger Abschnitt (35) 
der Drahtfuhrung ist, der sich an einem Ende 
derselben beflndet und der refativ zu dem rest- 
lichen Tell der Drahtfuhrung gestreckt wird. 

35 Revendications 

1. Filtre de caiilots de sang (10) pouvant etre 
positionni d I'rnt6rieur du passage fluids d'un 
vaisseau sanguin dans un corps humain, compre- 
40 nant: 

— un fi i m&allique & m6moire de forme pouvant 
3tre contract^ depuis une premiere position dans 
laquelie ce fil est pratiquement rectiligne pour per- 
mettre ('introduction du filtre d I'interieur du 

45 passage d'un catheter d'angiog rap hie (40), at dans 
laquelie lefil emmagasine une dnergie potentielle 
suffisante pour i'amener dans une deuxidrne posi- 
tion dans laquelie il s'applique en contact sur la 
parol Interne de ce vaisseau sanguin en une muiti- 

60 plicftf de points de contact aidant ainsi a la fixa- 
tion du filtre h un emplacement d6sir£ h I'lntdrieur 
du vaisseau sanguin et favorlsant I'endothgli- 
sation et le logement fibreux dans ces points de 
contact, le fil ayant un dfam&tre suffisamment 

65 faible pour emp§cher une occlusion notable de ce 
vaisseau sanguin lorsque le filtre y est implant6, et 

— des moyens de fixation (24, 25) sur le fil pour 
fixer le filtre d un emplacement determine d Nrrt6- 
rieur de ce vaisseau sanguin, ces moyens de 

eo fixation comportant une multiplicity de salllles 
alguds (27, 30) penetrant dans la parol Interne de 
ce veisseau sanguin, 

caract£rfs6 en ce que, dans la deuxidme posi- 
tion, le fil est contract^ sur sa longueur pour 

65 former un tretllis mdtallique ondu!6. 
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2. Filtre de caillote de sang selon la revendica- 
tion 1, caracterise par des moyens d'introduction 

-(34) d'une seule piece avec ce fil pour faciliter 
" ('Introduction du fil dans !e vaisseau sanguin a 
travers le passage du catheter (40). 

3. Filtre de caWots de sang salon la revendica- 
tion 1 et la revendication 2, caracterise en ce que 
ces saillies (27, 30) sont disposaes aux extremites 
opposees du filtre (10). 

4. Filtre de caillots de sang selon la revendica- 
tion 3, caracterise en ce que les moyens de fixa- 
tion {24, 25} comportent quatre eaillies (27, 30), 
deux etant chaque fbfs disposaes aux extremites 
opposees du filtre, ces saillies etant longitudinale- 
ment decalees a chaque extremite pour faciliter 
('introduction du filtre dans le catheter. 

5. Filtre de caillots de sang selon 1'une quel- 
conque des revendications precedentes, carac- 
tense en ce que le filtre comporte une multiplicity 
de torons (11, 12, 15, 16). 

6. Filtre de caillots de sang selon la revendica- 
tion 5, caracterise en ce que le filtre comporte 
quatre torons ou davantage. 

7. Filtre de caillots de sang selon la revendica- 
tion 6, caracterise en ce que chaque toron (1 1 r 1 2, 
15, 16) est raccorde aux deux extremites a au 
moins un autre toron (17, 18) et qu'une multipli- 
cite de ces torons sont raccordes a au moins un 
point intermediate (13, 14) sur ieurs longueurs. 

8. RItre de caillots de sang seion la revendica- 
tion 7, caracterise en ce que chacune des deux 
saillies au niveau de I'extremite event du filtre 
comporte une barbe (30) pointue a see deux 
extremites. 

9. RItre de caillots de sang selon la revendica- 
tion 8, caract£ris6 en ce que ces barbes (30) ont 
une longueur inferieure a 1 cm. 

10- Filtre de caillots de sang selon la revendica- 
tion 2, caracterise en ce que les moyens d'intro- 
duction comportent un zigzag (34) dans Tun des 
torons, ce zigzag procurant une surface pratique- 
ment perpendiculaire a la longueur de ce toron 
lorsqu'H est dans sa premiere position, ce qui 
permet de pousser longitudfnalement le filtre (10) 
dans le passage du catheter (40) pour son 
posftionnement dans la vaisseau sanguin. 



11. Filtre de caillots de sang salon la revendica- 
tion 9, caracterise en ce que le fil metallfque dont 
sont constitute les torons est en acier inoxydable 
trempe. 

5 12. Filtre de caillots de sang selon la revendica- 
tion 10, caracterise en ce que ce fil a un diametre 
inferleur & 0,38 cm. 

13. Ensemble pour effactuer un catheterisme 
d'un vaisseau sanguin dans un corps humain afin 

jo de filtrer les emboles dans le sang circulant d 
travers ce vaisseau, cat ensemble comprenant: 

— un catheter (40) dimensionne pour etre ragu 
dans ie passage de ce vaisseau sanguin et y etre 
introduit sur un gulde-fiJ (36); 

16 — un filtre de caillots de sang (10); et 

— un guide-fil (36) ayant un diametre dimen- 
sionne pour permettre au guide-fil d'etre recu 
dans le passage du catheter (40), ce guide-fil com- 
portent des moyens pour repousser le filtre hors 

zo d'une extremite du catheter et dans un emplace- 
ment determine a I'interieur du passage du vais- 
seau sanguin, 

caracterise en ca que le filtre de caillots de sang 
(10) est un filtre selon I'une queloonque des 

25 revendications precedentes. 

14. Ensemble selon la revendication 13, carac- 
terise par un dilatateur (60) comportent une por- 
tion tubuiaire (61) ayant un passage traversant, 
cette portion tubuiaire ayant un bout (63) dont la 

30 section transversale se retreclt pour dilater le 
vaisseau sanguin afin de permettre (Introduction 
uJterieure du catheter (40). 

15. Ensemble selon la revendication 14, carac- 
terise par une gatne de catheter (50) ayant un 

35 passage traversant (54) et dirnensionnee pour 
etre recue sur la portion tubuiaire (61) du dila- 
tateur (60), le passage de la gaine de catheter 
etant dimensionne pour recevoir ca catheter (40). 

16. Ensemble selon la revendication 13, carac- 
40 terise en ce que le guide-fil (36) est forme en 

hefice et que les moyens pour pousser le filtre 
sont constitute par une portion helicoTdale etiree 
(35) de ce guide-fil, situee a une extremite de 
celui-ct at qui est etiree par rapport a la portion 
46 restante du guide-fit. 
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